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SUMMARY
During the second quarter of work on contract NAS5-11634, tone-
code ranging measurements were successfully made to a Ford Econoline
van equipped with a General Electric mobile radio such as is used in
taxi cabs and police cars. A tone-code responder unit was connected
between the receiver and transmitter. Range measurements were made
from ATS-3 to the van as it proceeded northward along a country road.
The range measurements were used to determine lines of position. The
intersection of the lines of position with the longitude of the road
resulted in a number of position fixes accurate to approximately one--
half mile.
Flight tests were started using a DC-6 aircraft of the Federal
Aviation Administration. The aircraft was equipped with a receiver
and transmitter previously used in voice communication tests through
satellites, with a tone-code responder connected between the trans-
mitter and receiver. Aircraft antennas used in the test were a Dorne
and Margolin Satcom antenna and a blade antenna. Standard deviations
of range measurements were between 6 and 7 microseconds while the air-
craft was in flight at 20,000 feet over the Atlantic Ocean. When the
range measurements were projected on the earth at the location of the
tests, the position fix accuracy was approximately one statute mile,
one sigma.
Under a program supported by the Office of Naval Research and the
General Electric Company, an oceanographic buoy (Sea Robin) was equipped
with a tone-code ranging transponder. The buoy was moored near Bermuda
where the ocean depth was 5,000 feet. Range measurements from ATS-3 were
made to the buoy over a two-week period while the buoy was at its deep
sea mooring. Many hundreds of range measurements were made to the buoy.
They had a standard deviation of approximately 2.4 microseconds, repre-
senting a ranging precision of approximately 1200 feet and a line ->f-
position precision of approximately 1700 feet. Distribution of the
measurements appears to be gaussian, suggesting that averaging a number
of measurements would improve precision. For example, the average of
ten measurements would improve the line-of-position measurement precision
to approximately 550 feet.
An initial evaluation of line of position accuracy Baas made with only
a crude estimate of ionospheric bias and no correction for receiver time
delay variations or actual movement of the buoy. Forty-five randomly
selected range measurements were used to make a determination of the
latitude of Sea Robin. Nighttime measurements were within approximately
f 3/4 mile of the mooring latitude, and daytime measurements were within
approximately f 1.5 miles. A refined znalysis of the data would probably
reveal higher accuracy than indicated by tiLsse initial results.
The multipath measuring equipment was rebuilt in printed circuit
board form and tested in the laboratory.
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INTRODUCTION
During the second quarter of work under contract NAS5-11634, the
General Electric Company's Research and Development Center has conducted
ranging and position fixing tests through NASA's ATS-3 satellite using
a Ford Econoline van and the Sea Robin oceanographic buoy, and flight
tests using an F.AA aircraft were started. The objectives of the ranging
and position fixing experiment are:
1. Demonstrate the feasibility of ranging and position fixing from
synchronous satellites to small mobile terminals at VHF radio
frequencies. It is expected that the experiment will demonstrate
position fixing accuracies adequate for transoceanic air traffic
control.
2. Demonstrate the advantages of a tone-code (pulse train) ranging
technique that offers promise of the highly efficient use of
satellite energy in simple implementation that is compatible with
presently used communication equipment. In operation, the system
would be easily retrofitted in existing aircraft.
3. Obtain data over a large geographical region at various times of
the day to indicate the variations in ranging and position fixing
accuracies caused by location and time of day.
4. Demonstrate the General Electric Company's Low Energy Speech Trans-
mission (L.E.S.T.) technique. In an operational system, this tech-
nique would be compatible with tone-code ranging in such a way that
the pulsed voice transmissions could be used in the range measuring
process.
The results of the experiment are important to the commercial avia-
tion community. NASA's ATS satellites have shown the feasibility of
voice communications between aircraft and ground terminals. Airlines
that fly transoceanic routes desire to replace their inadequate HF
voice communication links with the far more reliable satellite links.
It is generally agreed that a satellite system should also provide sur-
veillance of aircraft positions for air traffic control over the oceans,
so that spacings between the transoceanic routes can be reduced and
efficiency of operations improved. An early implementation of an aeronau-
tical satellite system would have to be accomplished at VHF. When suitable
aircraft antennas and other avionics equipment have been developed, the
L-band frequencies, 1540 to 1660 MHz, will offer the possibility for im-
proved performance. There is a lack of agreement concerning the useful-
ness of VHF for position surveillance and there are now no definitive
data to help resolve the matter. A major objective of the ranging and
position fixing experiment is to provide definitive data for the resolu-
tion of this question.
The experiment may also serve as an experimental step toward the
fulfillment of an anticipated need for a marine traffic control system
in confluence areas of the seas.
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Range measurements from satellites are made by measuring the propa-
gation time of a radio signal from the satellite to the user and return
The propagation time can then be converted to a range measurement by
relating it to the known propagation velocity of the radio signals. The
tone-code ranging technique used in the experiment has the following
characteristics.
• Useful accuracy can be achieved within the modulation and radio fre-
quency bandwidths of present-day mobile communications.
• The technique can be used with wide bandwidth for high accuracy.
• It requires only one channel for range measurement, receiving and
transmitting in the simplex mode if desired without need for an
antenna diplexer.
• The time required for a range measurement is a fraction of a second
so that it can time-share a communication channel with little addi-
tional time usage of the channel.
• It can be implemented by the addition of an inexpensive, solid-state
responder unit attached to a communication receiver-transmitter.
• It can, but need not, employ digital or digitized voice transmissions
to provide synchronizing of the user responder, thereby further in-
creasing the efficiency of channel usage.
• There are no "lane" ambiguities in the range measurements.
• User identification is simple and is confirmed in the return signal.
r
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Sea Robin Buoy Tests
The Sea Robin was developed and constructed by the General Electric
Company to test key technologies applicable to remote, unattended data
collection buoys for sensing and relaying oceanographic and meteorological
data. Sea Robin is a modified spar buoy, app ,.oximataly four feet in
diameter and fifteen feet long, with stabilizing means designed for
mooring in the deep ocean or for free floating in all sea states.
During the period covered by this report, the buoy was tested
ashore, in a harbor, and at a deep sea mooring near Bermuda in a joint
Navy-GE experiment. The Navy's support was through the Office of Naval
Research under Contract N00014-68-CO467. The experiment verified the
seaworthiness of the buoy when moored where the ocean depth was 5000 feet,
using a 7000 foot line, under a variety of weather and sea states.
Buoy location experiments included VHF ranging from ATS-3 by the
tone-code ranging technique and position fixing by OPLE. Data readout
through ATS-3 employed the tone-code ranging equipment. Data readout
was also accomplished at HF in a specially designed experiment.
For the data transmission, the buoy sensed nineteen housekeeping,
weather and oceanographic conditions. Each data transmission totaled
336 bits. Data was transmitted directly by telemetry to a van on shore
which also commanded functions aboard the buoy and monitored its position
by radar and telescope.
Data transmission through the satellite was accomplished by the use
of the transmitter-receiver-responder unit used for the VHF ranging ex-
periment. A data transmission followed each range inteeroga"ion. Two
data rates were tested, 2.4414 bits per second and 306 bits per second.
At the higher rate, a "one" bit was formed by transmitting an audio
cycle, a " zerd' by suppressing a cycle. At the lower rate, eight audio
cycles were transmitted for a "one", and eight suppressed for a zero.
A complete response from the buoy consisted of the transmission of 1024
cycles at 2.4414 kHz followed by the address code, consisting of 30 bits
at the 2.4414 rate, and the address code followed by a 1.25 second data
transmission to accommodate slightly more than one complete data frame
at the low rate. The radio frequency energy transmitted from the buoy
was approximately 50 watt-seconds for the ranging signal (120 watts for
0.43 second) and 150 watt-seconds (120 watts for 1.25 seconds) for the
data transmission.
The HF data transmissions were at four frequencies between 8 and
22 MHz, and were monitored at several receiving sites on the North
American continent at selected distances from Bermuda. The experimental
data will be compared wita transmission reliability estimates previously
computed by ESSA in a theoretical study of remote sensor readout at HF.
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Ranging interrogation periods for Sea Robin totaled 222 minutes
between February 13 and May 22. It was at its deep sea mooring between
April 1.3 and 29 and May 17 and 30. While at the deep sea mooring, an
interroga.ion period was three minutes long, with an interrogation to
the buoy each three seconds. Each interrogation period was preceded
by a 30 second tone transmission from the ground station through the
satellite. The signal was received in the control van at Bermuda,
where the best of two linear polarization angles was determined. The
Sea Robin V11F antenna was then switched by command from the van to select
the best of the two polarization choices for reception. The buoy was
equipped to receive on either polarization and transmit on the same or
the orthogonal polarization.
Although much may yet be learned by a detailed analysis of the data,
a preliminary evaluation indicates that the ATS ranging and data readout
experiment fulfilled its objectives.
Range measurements had a standard deviation of approximately 2.4
microseconds, representing a ranging precision of approximately 1200
feet and a line-of-position precision for Sea R'jDin of approximately
1700 feet. Distribution of the measurements appears to be gaussian,
suggesting that averaging a number of measurements would improve pre-
cision. For example, the average of ten measurements would improve
the line-of-p,jition measurement precision to approximately 550 feet.
Accuracy is affected by residual variations in biases that cannot
be estimated for a particular measurement. The largest bias error
contribution for Sea Robin is the ionosphere. Another .significant er-
ror is equipment time delay change with signal amplitude. The ionosphere
and the particular receiver type used in the experiment can each con-
tribute several microseconds uncertainty to a range measurement. For
the Sea Robin tests results as presented here, accuracy is also affected
because the buoy is free to move approximately f 1 mile from the position
of its mooring. An initial evaluation of line of position accuracy was
made with only a crude estimate of ionospheric bias, and no correction
for receiver time delay variations or actual movement of the buoy. Forty-
five randomly selected range measurements made during a twelve-day period
were each used to make a determination of the latitude of Sea Robin. As
shown in Figures 1 and 2, all of the computed positions for nighttime
measurements are within approximately f 3/4 mile of the mooring latitude,
and daytime positions within approximately f 1.5 miles. Reprocessing of
the same data, taking into account actual positions of Sea Robin, co rrec-
tions for receiver delay characteristics and more refined estimates or
ionospheric bias would probably reveal higher accuracy than indicated by
these initial results.
Ranging precision was satisfactory at all received signal levels
down to the FM detection threshold. However, less than one-half of the
total number of interrogations resulted in correlated responses at the
Observatory. This was expected because of the way the experiment was
designed to reveal propagation effects, including Faraday rotation,
antenna pattern lobing due to sea reflection, losses in the propagation
path, and interfering signals in the satellite. Each of these effects
tends to reduce signal level.
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FIGURE 1
SEA ROBIN
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FIGURE 2
SEA ROBIN
Latitude at which circle of position
crosses longitude of buoy.
(Randomly Selected Measurements)
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The satellite antenna is linearly polarized. Horizontal and ver-
tical linear, and circular polarization were available at the Radio-
Optical Observatory. Sea Robin had two linearly polarized antennas
mounted at right angles with a switching arrangement to permit trans-
mission anJ reception on either, or reception on one and transmission
on the other. These antenna arrangements were designed so that infor-
mation could be obtained about the difference in Faraday rotation
between the uplink frequency of 149.22 MHz and the downlink frequency
of 135.6 MHz. Separate receive and transmit polarization angles were
not available at the Observatory during the test period. The capability
has since been added. A difference of approximately 90 0 in the Faraday
rotation of polarization at the two frequencies was observed frequently,
making it desirable to receive on one linear polarization and transmit
on the other. A switching sequence was deliberately introduced at the
buoy to observe the effect, resulting in an anticipated failure to re-
spond to some interrogations.
The diurnal change in propagation delay through the ionosphere was
determined for a small number of measurements between the Observatory
and the ATS-3 satellite. A change of approximately 15 microseconds
between night and day was observed over the two-way path by comparing
the measured propagation time with the computed propagation rime, based
oa the NASA predictions of satellite position. Many measurements were
recorded and are available for a more refined estimate of the delay.
On one occasion, as reported in the first quarterly report, severe
amplitude scintillation was observed for the path between the Observatory
and ATS-3. The correlation of the fading of the Sea Robin with the Observa-
tory return from the satellite suggests that no scintillation occurred along
the path from the satellite to the Sea Robin. Range measurement variations
were correlated with signal amplitude, but by an amount equal to the
separately measured receiver characteristics of time delay change t. th
signal amplitude. It is tentatively concluded that there were no ..Lgnifi-
cant changes in propagation time associated with the changes in signal
amplitude due to scintillation.
The transponder aboard the Sea Robin consisted of a 35 watt, solid-
state FM mobile radio transmitter-receiver with a 120 watt solid-state
amplifier, and the first experimental responder unit for phase matching,
address correlating, clocking for the digital data -readout, and switching
of the receiver and transmitter. Despite the early state of the responder
development, it performed reliably throughout the test at the mooring.
The tests confirmed the advantages of the tone-code ranging technique.
It was demonstrated that 50 watt-seconds (120 watts for 0.43 second)
of transmitted radio frequency energy from the buoy are adequate for a
range measurement through the ATS-3 satel.iiLe. In fact, tests showed
that the duration of the transmission could be reduced to approximately
one-half the 0.43 second used in the tests, reJucing the needed trans-
mitted energy proportio. — ely. If the return --'Ls relayed by ATS-1 as
well as ATS-3. a position fix could be determined with that small energy.
For Sea Robin, an additional 150 watt-seconds was transmitted to relay
more than a complete frame of the 320 bit digital data readout on each
response.
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The equipment was adequate for the tests. Experience with the
equipment has suggested that minor changes, particularly to the address
code design, would improve the response rate of the unit without in-
creasing the transmitted power or receiver sensitivity.
The ATS ranging and data readout experiment on the Sea Robin is
considered to be successful in all respects. Data were recorded for
a variety of conditions in digital and analog form. The samples of the
data that were evaluated confirm the value of the technique, and provide
evidence of its accuracy and reliability. The data are recorded in
analog and digital form, are carefully filed, and are available for
later detailed analysis that would refine the measures of accuracy,
reliability, and digital data error rate, although no commitment has
been made to perform the detailed study.
Van Tests
A Ford Econoline van, Figure 3, was equipped with a GE mobile radio,
as used in taxi cabs and police cars. A responder unit was connected be-
tween the receiver and the transmitter. A Parks Electronics Laboratories
preamplifier model 144-1P preceded the receiver. The transmitter output
power was 80 watts. Separate dipole antennas were provided for the re-
ceiver and the transmitter. They are visible as the horizontal elements
near the front of the vehicle, as shown in Figure 3.
On March 27, the van was driven from the village of Manny Corners,
New York, northward through the village of Iiagaman, New York, to Route 29,
then eastward on Route 29.
Range measurements were made through ATS-3 during the one-hour test
period. The dipole antennas were separately oriented for best signals.
In previous mobile radio ranging tests not using satellites, it was
observed that reflected signals can arrive at the receiving station an-
tenna in any phase relative to the direct signal, and severely affect the
received signal level. A vehicle position change of only a few feet can
result in a large change in signal amplitude at the receiver.
During the first portion of the March 27 satellite ranging experi-
ment, the van was moved in small increments; one foot, then two feet, then
four feet, etc. to determine if a similar effect occurred between the
vehicle and the satellite. The amplitude change was observed. No effects
on range measurements were observed that could not be attributed to the
known change in receiver time delay with signal amplitude. This receiver
characteristic was described in the first quarterly report, page 13, and
in the Appendix figure showing Observatory returns on 2/12/69.
Figure 4 is a plot showing every range measurement made during the
March 27 test. Note that the ordinate scale is marked in 10 microsecond
steps rather than 1.0 microsecond steps, as on some previous data plots.
The shape of the data curve matches the changing range from the satellite
to the vehicle. Events during the test are marked on the plot. There
is a change in measured range noticeable during the first part of the
6
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test greater than the movement of the vehicle. Th y
 change in range is
due to satellite motion, an effect clearly noticeable in similar plots
in the first quarterly report. Gaps in the data occurred because the
range measurements were stopped when voice communications were used to
coordinate the experiment. Scatter of the data points includes the
variation in the time delays through the van and Observatory receivers.
Some of the range measurements were used to compute the intersection
of the line of position with the road. The computation included an esti-
mate of the equipment and ionospheric time delays. A first estimate for
the delays resulted in a bias error to the south of approximately one and
one-half miles. A new estimate was made to place the first location at
Manny Corners, then the same equipment and ionospheric time delays were
used for all the rest of the computations. Figure 5 shows the route,
which was traced from a topographic map. The actual positions of the
vehicle are plotted as dots and the positions as determined from the
satellite range measurements are plotted as short horizontal line seg-
ments. The satellite was nearly due south of the area at the time.
Aircraft Flight Tests
The first flight tests were made when this report was in the final
stages of preparation. A preliminary examination of the data suggests
that sea reflection multipath does degrade measurement precision, as
expected, but that useful accuracy may be achievable.
A DC-6 aircraft of the Federal Aviation Administration was equipped
with a Bendix aircraft FM receiver-transmitter and 500 watt power ampli-
fier used in previous voice communication tests through the ATS satellites.
A GE tone-code responder unit was connected to the receiver-transmitter
to complete the transponder for the ranging tests. The voice communica-
tion capability of the unit remained functional and was used in coordinating
the tests. The aircraft antennas were the circularly polarized Dorne and
Margolin Satcom antenna and a linearly polarized VHF blade antenna.
On June 4, the aircraft flew eastward from Atlantic City to a point
over the Atlantic Ocean approximately 130 miles from NAFEC, then north-
ward, westward, southward, eastward, and then northward in warning area
107. The aircraft maintained an altitude of 20,000 feet throughout the
test. Range interrogations were made each three seconds for approximately
one and one-quarter hours.
Three antenna modes were tested; the zenith and horizon modes of
the Dorne and Margolin Satcom antenna, and the vertical linear polariza-
tion of the blade antenna. The modes were switched each five minutes.
Acceptable signals were received on all modes, with strong signals on
the zenith mode.
Approximately four minutes of recorded data for each mode were
processed in the computer to determine the standard deviation of the
measurements from a best fit quadratic curve fitted to the measurements.
Standard deviations were between 6 and 7 microseconds. That standard
deviation represents a ranging precision of approximately 0.6 nmi., 1
sigma. When the range measurement is projected onto the earth at the
location of the tests, the line of position precision is approximately
9
FIGURE 5
ROUTE OF MARCH 27, 1969 TEST
ROUTE 29
MANNY CORNERS
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one st;Atute mile, one sigma. The data will be used to determine lines
of position for coi- •ipari.son :,ith the positions of the aircraft as detei-
mired by radar ir.ea su re,nent from NAFEC.
A two hour flight test was conducted on June 6. The aircraft was
over land at 20,000 feet during the first ten minutes. It was over
water for the remainder of the test. While over water it descended to
5000 feet and then returned to 20,000 feet. The zenith mode of the
Dorne and Margolin antenna was used throughout the flight. The stan-
dard deviations of the_ readings over land and over water at two altitudes
will be studied to determine if they are in agreement with analyses of
sea reflection multipath effects.
Multipath Measurement Theory
Specular reflection from the ocean causes an error in ranging from
a satellite to an aircraft. The specularly reflected ray (transmitted
from the satellite) arrives after the direct ray and causes an apparent
phase shift of the signal at the aircraft receiver.
Figure 6 depicts the geometry and the time delay of the reflected
signal behind the direct signal. It is assumed that the satellite is
very distant, and that the earth is flat in the region of the aircraft.
Jet aircraft commonly fly at altitudes between 29,000 and 41,000 feet.
As shown by the curve, the time delay of the reflected signal behind the
direct signal can be several tens of microseconds. The long time delay
can cause a considerable phase error in the detected audio-frequency
signal. It should be noted, however, the maximum time delay is shorter
than the period of the audio frequency used in the experiment, so that
there is no ambiguity.
Figure 7 presents phasor relationships with sea reflection present
for the carrier, the upper and lower sidebands of a narrowband frequency-
modulated signal, or an amplitude modulated signal. The carrier and the
sidebands may each be considered as a single radio frequency which is
continuous for the period of the synchronizing signal tone burst. The
three signals are coherently related and separated in frequency by the
modulating audio frequency.
Only the phase distortion caused by the sea reflection is of'inter-
est; therefore, all the direct signals have been shown at the same
reference phase. The radio frequencies of the carrier and the sidebands
are slightly different, but the time delay for the reflected signals is
the same for all. The phase displacement of the delayed carrier behind
the direct carrier signal becomes greater as the time delay becomes
greater. Because the lower sideband is at a lower frequency, the de-
layed lower sideband is not displaced in phase as much as the carrier;
whereas the upper sideband, because it is at a higher frequency than
the carrier, is advanced further in phase than the carrier. Their
displacements from the delayed carrier phase are of the same magnitude,
but in opposite directions.
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GEOMETRY AND TIME DELAY OF REFLLCTED SIGNAL
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of feet to determine reflected signal delay in microseconds.
12
MW
FIGURE 7
PHASOR RELATIONSHIPS WITH SEA REFLECTION
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The phasor resultants that are illustrated by the phasors with large
arrowheads in the figure represent the actual carrier and sideband com-
ponents that are present at the input to the receiver. They are different
in their relative phases and amplitudes from the signal components that
would be present if there were no sea or ground reflection.
Figure 8 illustrates the effect on one of the signal components, the
carrier or either sideband, as the aircraft moves through a distance and
direction such that there is a change of one radio-frequency wavelength
between the direct-signal and reflected-signal path lengths. As this
change occurs, the reflected-signal component makes 360 degrees of phase
change relative to the direct signal. In the figure, a circle represents
the tip of the rotating reflected-signal phasor relative to the direct-
signal phasor. The upper diagram shows the relationship for a relative
signal amplitude of 0.25; teat is, the amplitude of the reflected signal
is one-fourth the amplitude of the direct signal. In the lower figure,
the reflected signal is 0.75 times the direct signal amplitude. The
dashed phasors represent the resultants for several points during the
rotation of the reflected signal relative to the direct signal. It will
be noted that the amplitude of the resultant phasor changes, and that
its phase relative to the direct signal also changes. The larger the
ratio of the reflected to direct signal, the larger is the relative
phase change. It is also important to note that the phase change of
the resultant relative to the direct signal is not sinusoidal, but
chan-es rather slowly when the reflected and direct signals are in
phase, and changes very rapidly when they are out of phase.
Figure 9 presents the phase displacement of the phasor resultant
relative to the direct signal phrase for two different amplitude ratios
as the relative path lengths change by one wavelength.
The multipath situation may be represented mathematically to deter-
mine the phase shift of the received signal for different values of
specular reflection from the sea.
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The signal as transmitted from the satellite is
e l (t) = Ac Icos (u c t + 0e ) + 2c os i[w c + cu m] t + 0^ + AmI
+	 Cos([w c -cu m] t+ 0o - 0)1
where A
c 
= amplitude of direct signal
we = carrier frequency
0C = carrier phase
S = sideband amplitude (either AM or FM)
w
m 
= modulating frequency
0m = modulating phase
The plus sign is taken for AM A and the negative sign for FM.
The specularly reflected ray is assumed related to the direct path
received signal e l (t) by;
e2 (t) = k e l (t - T)
k = ratio of specularly reflected amplitude to direct-signal
amplitude
T = time delay of specular ray with respect to direct ray
The sum of the specular ray and the direct ray is received at the
aircraft,
e^ (t) = e l (t) + e2(t)
8 /21,  + k2 + 2k cos [ (w c + w m)T] cos ( [w c + w m] t + Oc + ¢m + y+)
	
A 	 + V 1 + k2 + 2k cos (wT) c.cs Iwt + ¢ +Y
	
C	 C	 c	 C	 0
f S 2/1 + k2 + 2k Cos [ (wc - (U m)T] cos +[{uc - wm] t + Oc - Om + y -i
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where
(w + w ) T
-[w + wm^	
2
T	 -1 (1 - k) sin	 c	 m{
y t =	
c 
2	 +tan	 ((w + w )T
(1 + k) j	 c	 III 1
	
`	 2	 f
`
w cT
-WcT	 -1 (1 - k) sin 
1 2
YO = 2 + tan	 w T
(1 + k) cos C2
-[w
c - 
wm]	 -1 (1 - k) sin (wc 2 wm^T
y - =	 2	 +tan	
w - w 
1
-(1 + k) cos	 c 
2 
m)T
A particularly convenient means of measuring the multipath effects
is to phase compare each of the received-signal sidebands with the car-
rier and then to sum the two results. That is, the upper and lower
sidebands and the carrier are separately heterodyned to a common fre-
quency, and the phase comparisons are made. The resulting phase of the
heterodyned lower sideband is y - ; of the upper sideband, y+ ; and of the
carrier, YO, Phase comparison of the heterodyned lower sideband and the
carrier is y - - y 0 ; of the upper sideband and carrier, y+ - y 0 . The sum
of the two results is y+ + y - - 2y0.
Figure 10a compares the phase changes of the carrier and the two
sidebands as the difference in path length changes by one wavelength at
the radio frequency.
Figure 10b depicts the results of translating the carrier and the
sidebands all to the same frequency and then taking the phase difference
of the upper sideband minus the carrier and the lower sideband minus the
carrier.
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The Multipath Detection Equipment designed and constructed for use
in the exper.i.i ent coknbi.nes thr_ sideba ad and carrier signal components to
produce a DC output with the characteristic shown as the "Sum of B Curves".
The DC signal will be recorded on a chart recorder in the aircraft. Its
rates will show the rate at which the aircraft passes through direct- and
reflected-signal path length changes of one wavelength. Its amplitude
will show the effect of time delay and direct and reflected signal ampli-
tude ratio. It is expected that, in horizontal flight, a jet aircraft
will pass through an RF path length change of one wavelength in approxi-
mately five seconds. The rate will be higher if the aircraft is climbing
or descending. The amplitude and period of the multi.path signal recording
will be correlated with the fluctuations in range measurement made during
the recording periods. The results will be useful for predicting and
measuring the effects of antenna design, sea state, ground conductivity,
a'.reraft motion and other factors that affect the magnitude of the error
caused by ground reflections.
Multipath Measurement Equipment
Figure 11 is a block diagram of the Multipath Measurement Equipment.
The output of the phase comparators are
	 , y+ - y 0 ; and (B) , y - yQ
The output of the summe r is the measure of the multipath effect y+ + Y
-	
1y 
01
The Multipath Measurement Equipment was built in printed circuit form
(suitable for use in an aircraft) and is essentially complete. The equipment
will be interfaced with a receiver and it is expected that flight measurements
will be started in July.
Computer Programs
The following computer programs were prepared for processing the
data.
SLANTM
This GE MARK I time sharing code computes the slant range between:
1) a satellite with specified geocentric earth distance and its sub-
satellite longitude and geodetic latitude; and 2) a ground station whose
coordinates are longitude, geodetic latitude and an altitude above the
earth's surface reference ellipsoid. The flattening factor and equatorial
radius presently being used are: 1/297 and 6.378166 x 10 6 meters, values
which could easily be changed.
OBSPROCi (+ files) 1 = 1 1 2, 3 1 4
These GE MARK II time sharing codes are used to process punched
paper tape generated at the Observatory and which contains a sequence
of many records each containing time (hours, minutes, seconds), two
time delay measurements and, in one version, voltage level data. These
programs read the punched paper tape, check each record for completeness
and correct format, and then perform least squares (second order) curve
19
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fitting vQrcus tiuuOi_n a variety of options at the cuntroI of the user.
The user can specify "iaLor.val mL.rkers" (N = 0 ) 1., 2 1 .. , in number)
which subdivide the total interval i.-to N + 1 subintervals in each of
;,?Bich independent second order least squares curve fits are made. The
program includes a variety of logic to exclude "wild points" from the
least squares contribution. Standard output includeG such quantities
as the total nu,,iber u[ observ,.t-i.ons, the number of which are token as
good points, the time at each boundary of the subintervals, the three
coefficients associated with the second order model, the maximum and
minimum error between the curve fit and "good" points in each subinterval
and an unbiased estimate of the error standard deviation. Similar data
are summarized for the whole interval. At the user's choice, various
output tabulations are available showing the estimate and actual weasure-
ment and their difference along with various other time data.
The four versions are associated with that many different punched
paper tape formats. Also, one version operates on the voltage level to
give an indicated bit error rate in each subinterval.
LATCOM (+ files)
This code exists in two versions Eor both GE's iiARK I and MARK II
time sharing systems. One version is in a "conversational mode" for input,
while the other reads files for input. The purpose of LATCOM is to compute
a user's geodetic latitude, when given his longitude, altitude above the
ellipsoidal first reference and slant range time delay information to one
satellite whose ephemeris (geocentric earth distance, longitude and
geodetic latitude) are available on a file containing date, time and the
preceding quantities. The ellipsoidal earth is presently taken to have a
flattening factor of 1/297 and a mean equatorial radius of 6,378166 x 106
meters, At present, the user manually inputs bias terms for equipment
delays and corrections for ionosphere delays on propagation path.
POSFIX (+ files)
This GE MARK 21 time sharing code computes the user's longitude and
geodetic latitude, when given his altitude above the ellipsoidal earth
reference and slant range time delay information from two satellites
whose geocentric earth distances, longitudes and geodetic latitudes are
available in an ephemeris file which contains, in addition, date and
time. In this code the effects of the ionosphere delays are computed
on the basis of an empirical model as a function of the time of day at
the intersection of the ray path with an ionosphere layer and the ele-
vation angle associated with the slant range vector from the point on
earth to the satellite. Internal to the computer program is a secant
solution of two simultaneous nonlinear algebraic equations. This secant
subroutine and an associated matrix inversion subroutine are called from
the MARK II FSL Library programs.
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NEW TFCIINO-LOGY
There is no applicable data to be reported at this time.
PROGILA&I 1, 0R NEXT RLPORTING PERIOD
Aircraft ranging tests for the present contract phase will be com-
pleted. During some flight test periods, the aircraft will be interro-
gated through one satellite and responses will be relayed back through
both satellites. Range measurements through the two satellites will be
recorded separately and used in the computer program for determining
fixes. Ranging tests to the aircraft will be made over land and over
water at several altitudes, ranging from 5,000 feet to approximately
35,000 feet, using a DC-6 aircraft and a KC-135 aircraft. Flights will
be made as far east as the vicinity of Iceland and as fa. west as the
vicinity of Omaha. Several antenna modes will be tested. The standard
deviation of the range measurements will be determined for each condition.
Lines of position will be computed for some range measurements.
The multipath measuring equipment will be completed and employed in
an aircraft, if a flight test- can be scheduled with the Federal Aviation
Administration.
A responder unit will be integrated with a receiver-transmitter,
antennas will be provided, and the equipment will be installed on a
Coast Guard ship in the Gulf of Mexico. Range measurements from ATS-1
and ATS-3 will be made to the Coast Guard ship while it is at sea.
The Low Energy Speech Transmission technique will be tested through
the satellites, using a dual polarity FM pulse modulation to stmulate the
recommended AM transmission.
The large quantity of data collected during the ranging and position
fixing experimental program will be analyzed to determine the magnitude
of the errors contributed by each major factor that affects accuracy of
position fixing from geostationary satellites at VHF. It is expected
that data collected by the Comsat Corporation and Aeronautical Radio,
Inc. and others who have monitored our experiments will enhance the re-
sults. An estimate of the accuracy and reliability that can be achieved
will be made and presented to give a qualified appraisal, based on sig-
nificant experimental results, for the evaluation of the usefulness of
VIIF in an operational system.
CONCLUSIONS AND ?ECOI`iMF-NDATION
rnnrliicinna
Data collected during the se^ond quarter continues to show ranging
precision as reported in the first quarterly report. No significant long-
term drifts in equipment time delay were observed during the two week
period of rangini- interrogations to the Sea Robin buoy. Equipment time
delay changes as a function of amplitude can be kept within limits con-
sistent with the objectives of the experiment. The time delay through
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the aircraft receiver furnished by the Federal. Avi-.ation MmITli tration
mPAStirod to be approXi.:`ately 1,5 c'Acrosecotlds ovi:r file dynamic
of the rccei.ver. In an experimental effort, separate from the contract
effort, it was determined that the 5 to 7 microsecond time delay varia-
tion with signal amplitude in the General Clectric mobile receiver could
be reduced to less than 1 microsecond by a change in limiter design.
On the basis of limited data obtained during the first [light tests,
sea reflection mu tipath introduces ranging u1'1• ors bcLwuen 3 and 6
microseconds standard deviation for an aircraft flying at 20,000 feet
with satellite elevation angles of approximately 300 and using, a blade
antenna and the horizon or zenith modes of the Dorne and Margolin Sat-
com antenna. This is a tentative conclusion that will receive re-
evaluation during the next reporting period.
Recommendation
It is recommended that the ranging and position fixing experiment
continue in accordance with the original planning.
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